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(57) ABSTRACT

A cylinder discriminating device includes a cylinder dis-
criminating section. A crank rotor includes first and second
non-tooth portions asymmetrically positioned on the crank
rotor. The first non-tooth portion 1s positioned to correspond
to a top dead center of a specific cylinder. A crank signal 1s
outputted when each of the plurality of the tooth portions 1s
detected. A cam signal 1s outputted when a predetermined
tooth portion of a cam rotor 1s detected. And, the cylinder
discriminating section discriminates the specific cylinder by
detecting the first non-tooth portion based on number of the
crank signals detected during a time period from a time
when one of the first and second non-tooth portions 1s
detected to a time when the other of the first and second
non-tooth portions 1s detected, and by detecting whether or
not the cylinder discriminating section detects the cam
signal during the same time period.

12 Claims, 6 Drawing Sheets

-

CYLINDER [~=36 [INITIAL EXPLOSION E
SELECTING DETECTING |
i SECTION SECTION 37 35 |
i | 1 CAMSIGNAL 1!
: SECOND CRANK FIRST CRANK _ ! DISCRIMINATING :
' | SIGNAL COUNTER SIGNAL COUNTER |
: SECTION :
: 3 '
S . A 2
\I 29a
\\
\\\ 2. 2
") >
~ =
] s
= =
> N
30b~ /7 \\\%\\
20k T\ 23




U.S. Patent Dec. 11,2007 Sheet 1 of 6 US 7,305,871 B2

FIG. 1
:
CONTROL SECTION

CYLINDER [Z—30 [INITIAL EXPLOSION
SELECTING DETECTING
SECTION SECTION 35
CAM SIGNAL
FIRST GRANK DISCRIMINATING
SIGNAL COUNTER SECTION
32

h_——————*————————_---—-_——_— TN SIS T I SN A A A e e el e apege AN SR i B S P e ——— |

24 I 25
29a 3
\\\\\.l /7 ,/ ]
: " 30a
— s
% N
30b N\ 30
295 Z ] “\ 23



US 7,305,871 B2

Sheet 2 of 6

Dec. 11, 2007

Eﬂ

U.S. Patent

JNLL

9t
19

S1

A A
001 10dL €001 ¢odl

NOISSIHdNOD
H3LN3D Qv3ad dOL %

1HVYLS TOHINQOD
NOILINDI 13N4

9l
0g

I_l

o

03131dNOD NOILLINDI [HYLS
VILINI HO4 H3ANITAD ONIMNVHD

ONLYNINIEOSI H3ANIMAD H1aNOd
HO4 ONIANIL NOILINDI

HIANITAD QHIHL
HOJ ONIWILNOILINDI

HIANIMAD ANOD3S
d04 ONIWIL NOILINDI

HAANITAD 154dI
HO3 ONIWIL NOILINDI

11 3N IVA
Q31NNOJ ANOI3S

 ©|z49v14NOLLIONOD
TYILLINI GNOD3S
luiovianoianoo
TYILINI 1SHIS
 |pioyisonuoaiEa
| JUNDIS N QN0
134 OV 14 ONI1LO313d

TYNDIS VD LSHIA
Ehn/
m! GILNNOD 1SHI4

T, TYNDIS WNVHD
A FAN A
7001°100L|  €90L00L|  ¥0QL1I0L _SE NoE LTINS
..ll.-ll . | TYNDIS WVO
v)-081 YI-081 E MOV TYNDIS
VILNIND3S |
VIe02L AN,



JNIL NOILINDI 1304 ONLLYNINIBOSIA

US 7,305,871 B2

: _
0
\&
= 9L
e 0t
g oF |
7 9 | 29
I I B T .
o
—
S s
; =
w o e e e Rl e 0
= Gl _

b A A 4 8 2 UMY IYNDIS
POAL 100l 8@ Z0aLl|  $odl vah £0al Nmﬁ Smh 1001 Svmh 200L| ™ 319N1S
x._... -H._. .”. _.”. ..”.. .”.

NOISSIHAINOD V008! - . MOV1 WNDIS
H3IN3O Qv3A dOL:X V0e06 VILN3ND3S

U.S. Patent

0ALFTANOONOILINDI  juvig
IHVISTOHINOD  TVILINIHOA HIONMAD  miyNvun

H3ANITAD HLHNO=
HO4 ONIWIL NOILINDI

H30NHAD JHIHL
04 DNIAIL NOILINDI

H3ANITAD ANOJ3S
HO4 ONIWIL NOILINDI

H3ANITAD 1SHI4
HO4 ONINIL NOILINDI

A VA

| A3LNNOD ANOJIS

¢4 OV'1d NOILIANQD
VILINI ANOJJS

14 V14 NOILIONOD
IVILINI 1SHI

¢24 DV'14 ONILLIO3 L0
TYNDIS WYD ONQDO3S

194 OV'14 ONILO313d
TYNDIS WYD LSS

| 3INTYA
A3LINNQJ LSHi

TYNOIS MNVHO

TVYNDIS WVO

& Ol



U.S. Patent Dec. 11,2007 Sheet 4 of 6 US 7,305,871 B2

F1G. 4

Fc1, Fe2 RESET [ SAT

(1, Fi2 RESET

SA2
DETECTING YES SA3
CAM SIGNAL?
Fct, Fe2 SET
LACK TIMING SA5
DETECTED?
= (), Fc1 HESET
EQUENTIAL SA7
‘;l
; LACK NO

sas_ ¥VES oA NO
YES | 4@ SA13

SA15
PULSE SA12___JYES NO
DETECTED? SA9___ Y NO ‘3@’
NO 4@ YES '@ YES

NO{ NO
- 1 SA16 YES @
=1 SA10— k=0 | SA14 | YES
SA17 _
YES —
NG [ Fc2 RESET | | - l
SA18 " il
@ — Hir seTr>NO
YES  sa%0
NO @ SA30 k YES NO
SAD1 YES NO _—PREDETERMINED ‘@
NO VALUE YES
SA31 =
YES T C;i% NO —~BREDETERMINED
| - VALUE
| SA22—F1 SET| SA25— Ff2 SET CORRESPONDING _
SA23 SA26__ CYLINDER SA35.__  JYES
SELECTING SELECTING ' SELECTING
FIRST FOURTH IGNITING FUEL IN O E NG
CYLINDER CYLINDER CORRESPONDING
SA24 SA27 CYLINDER SA35|_
IGNITING FUEL|  |IGNITING FUEL IGNITING FUEL IN
IN FIRST IN FOURTH CORRESPONDING

CYLINDER

CYLINDER CYLINDER

|




US 7,305,871 B2

Sheet 5 of 6

Dec. 11, 2007

U.S. Patent

A3137dNOD NOILINDI 1HViS

1HVLS TOHINOD TVILINIHO4 HIANITAD  ONIYNVHD
JINIL NOILINDI 13N {ONLYNINIHOSIC «
-
0
31 HILINNOD TYNDIS
JTONV HNVHO
82

mm . HIANITAD HLHNOS

204 ONINIL NOILINOI

]
H0O4 DNINILL NOILINDI
| iaNmo anooss
H30NITAD 1SHI4

o e

TYNDIS ¥NVHD
NaL NaL 0L NaL NaL
V9078 :
3 Vo
el Vol



(VD oS'ZZ DQL18 HIANITAD ANOD3S) aEl

1VYNIIS HOSNIS
SNOIHYA

US 7,305,871 B2

1119410

_ ONILHIANOD =
_ an
_ YNOIS i S
° - JT1ONY WYD L]
S _ _ )
= _ LIN9HID _ao 05'4L D018 HIANIAD 1SHI4) BEL
= ONIdVHS e
7 _ _ e
H3LINOI JAVM | vo.o WSk g
e.‘..
_ v e .-
7 I
S HOLO3NNI _
) _ H31NdWOJ —EE B
3 | OHIN | ITONY MNVHO
- —_
p
O3 ¥Oo0 O0L8 HIANITAD HLHNOA ¥# ) o R
V.01 9AL8 HAANITAD LSHIH L# e 3
9 ' Y000} 018 HIANITAD QHIHL £#) 4o
Y0.01 0018 HIANMAD QNOD3S 24

U.S. Patent



Us 7,305,871 B2

1

CYLINDER DISCRIMINATING DEVICE AND
METHOD THEREOE, AND ENGINE
IGNITION CONTROL DEVICE AND

METHOD THEREOF

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a cylinder discriminating,
device and the method thereof, including a crank signal
detecting section that detects tooth portions of a crank rotor
having tooth portions arranged at regular intervals and a pair
of asymmetric non-tooth portions on periphery of the crank
rotor and generates crank signals 1n the form of a pulse, a
cam signal detecting section that detects a predetermined
tooth portion on the periphery of a cam and generates cam
signals 1n the form of a pulse, and a cylinder discriminating
section configured such that a detected timing of a specific
tooth portion by means of the crank signal detecting section
corresponds to a top dead center of a certain cylinder group
and discriminates a cylinder on the basis of a cam signal
between the non-tooth portions of the crank signal. In
addition, 1t relates to an engine 1gnition control section and
a method thereof, which i1gnites the fuel of the cylinder
discriminated by the cylinder discriminating device.

2. Description of the Related Art

In recent years, an internal combustion engine 1s elec-
tronically controlled and an electronic-control type fuel
injection device 1s popular. In this type of a fuel 1njection
device, the amount of fuel to be supplied to the internal
combustion engine 1s calculated by a microcomputer on the
basis of a driving condition and the most suitable amount of
the fuel 1s supplied to the internal combustion engine in
consideration as a whole, including fuel efliciency, drivabil-
ity etc. Meanwhile, when the use of the electronic-control
type fuel injection device, the amount of the fuel to be
supplied to the internal combustion engine 1s optimized and
fuel injection time can be optionally set. For this reason, the
fuel mjection time 1s also varied relative to the related art
and an asynchronous fuel injection 1s often used, which
injects the fuel regardless of a crank angle in starting an
engine. For example, as disclosed in JP-A-6-249021, when
starting an internal combustion engine having a plurality of
cylinders, 1t 1s determined 11 the internal combustion engine
start easily depending on the system conditions, such as the
temperature of cooling water and battery voltage. Only in
case where 1t 1s determined that the internal combustion
engine does not start easily, an asynchronous fuel 1injection

1s carried out on the basis of a cylinder discriminating signal
for enhancing the start.

The fuel imjection timing to each cylinder and ignition
timing for burning the injected fuel 1s obtained from the
cylinder discriminating signal, which 1s composed of two
different signals, as disclosed 1n JP-A-6-249021. In general,
as disclosed 1n JP-A-2003-184629, two sensors are pro-
vided, one of them outputs rotational signals at regular
intervals according to a rotation of a cam shaift and the other
sensor outputs rectangular pulses having different width
depending on the cylinder groups when a crankshaft rotates
to a predetermined crank angle corresponding to the fuel
1gniting timing, and the igniting timing that can be discrimi-
nated 1s outputted to each of the cylinders 1n accordance with
the relationship between first cylinder discriminating signals
(crank signals), 1.e., the rectangular pulses output and second
cylinder discriminating signals (cam signals), 1.e., the rota-
tional signals output.
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As shown 1n FIG. 5, for example, 1n a four cylinder
internal combustion engine having a first, second, third, and
fourth cylinders. The cylinders drive differently in phase by
4 cycle each other, respectively, a rotor 1s provided with
twenty four tooth portions arranged at regular angles, three
non-tooth portions where two tooth portions are sequentially
removed 1s formed, two of the non-tooth portions are formed
as sequential-non-tooth portions 4, and a single-non-tooth
portion 5 1s formed at a hali-rotated position from the
sequential-non-tooth portion 4. Therefore, a crank rotor 2
having eighteen tooth portion 3a to 3» (24-6) 1s fixed to a
crankshaft 1. Similarly, a cam rotor 12 1s provide with tooth
portions 13a, 135 with an angle corresponding to the crank
angle 180° CA (Crank Angle) and fixed to a cam shaft 11.
As shown i FIG. 4, pulse signals (crank signals) corre-
sponding to the tooth portions 3a to 3 of the crank rotor 2
and pulse signals (cam signals) corresponding to the tooth
portions 13a and 1356 of the cam rotor 12 are detected. When
the sequential-non-tooth portion 4 or the single-non-tooth
portion 5 1s detected in the crank signals, it 1s discriminated
which cylinder 1n the internal combustion engine 1s at its top
dead center compression depending on whether a cam signal
1s 1 existence, within a predetermined period before the
detecting the non-tooth portions, that 1s, at a predetermined
counted crank signal k. The fuel 1gnition timing 1s deter-
mined through the above procedures.

SUMMARY OF THE INVENTION

However, 1n 1nitial explosion control in the related art, a
timing when it 1s determined that which cylinder in the
internal combustion engine reaches a top dead center com-
pression for a first time from cranking, 1s discriminated at
the same timing when the cylinder reaches the top dead
center. Therefore, 11 fuel 1s 1gnited 1n the above state, the fuel
ignition timing 1s later than expected, thus causing starting
performance of the internal combustion engine unstable.

Further, the fuel 1gnition 1s not carried out for the cylinder
that has reached at the top dead center compression for the
first time. The amount of time from the discrimination of the
cylinder having reached the top dead center compression for
the first time 1s counted on the basis of crank signals, and the
tuel 1gnition 1s sequentially and securely carried out from a
cylinder after the discriminated cylinder having reached the
top dead center compression for the first time. It has become
an 1ssue to improve the starting performance of an internal
combustion engine.

The present invention has been made in view of above
circumstances and provides a cylinder discrimination device
and method thereof, and an engine 1gnition control device
and method thereof.

According to an aspect of the invention, a smooth starting
performance 1n an internal combustion engine 1s achieved.

According to a first aspect of the invention, there 1is
provided a cylinder discriminating device including: a cyl-
inder discriminating section. A crank rotor includes a plu-
rality of tooth portions arranged at regular intervals and first
and second non-tooth portions asymmetrically positioned on
a periphery of the crank rotor. The first non-tooth portion 1s
positioned to correspond to a top dead center of a specific
cylinder of an engine. A crank signal 1s outputted when the
cylinder discriminating section detects each of the plurality
of the tooth portions. A cam signal 1s outputted when the
cylinder discriminating section detects a predetermined
tooth portion on a periphery of a cam rotor. The cylinder
discriminating section discriminates the specific cylinder by
detecting the first non-tooth portion based on number of the
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crank signals detected during a time period from a time
when one of the first and second non-tooth portions 1s
detected to a time when the other of the first and second
non-tooth portions 1s detected, and by detecting whether or
not the cylinder discriminating section detects the cam
signal during the same time period.

According to the above configuration, since the number of
pulses between the non-tooth portions asymmetrically
formed on the crank rotor, that 1s, the number of pulses 1n
crank signals detected at a second interval from the first
non-tooth portion to the second non-tooth portion in the two
non-tooth portions are different from that detected at a first
interval from the second non-tooth portion to the first
non-tooth portion. For example, mn case of counting the
number of pulses at the first interval from the second
non-tooth portion to the first non-tooth portion where more
pulses are detected than at the second interval, it can be
determined that the first interval corresponds to a crank
angle when the counted pulse exceeds that at the second
interval, and before the first non-tooth portion 1s detected at
the second 1nterval, a detected timing the second non-tooth
portion 1s predictable. Further, when a specific cylinder
group 1s at a top dead center at a predetermined crank angle
corresponding to a detected timing of the first non-tooth
portion at the second interval, a cylinder group where fuel 1s,
tor the first time, to be 1gnited by an 1mitial explosion control
can be discriminated on the basis of the number of pulses 1n
the crank signals from the second non-tooth portion before
it reaches a top dead center. Also, by discriminating a
cylinder on the basis of a cam signal, a cylinder for fuel
ignition for the first time by an initial explosion control, 1.¢.,
the reach of a top dead center compression for the first time
can be discriminated before 1t reaches there.

In addition to the first aspect, according to a second aspect
ol the invention, distances between each two tooth portions
adjacent to the first and second non-tooth portions are
different.

According to the above mentioned configuration, the
cylinder discriminating device can also discriminate a next
cylinder to be fuel 1gnited with ease after the 1mitial explo-
sion control, in order that the two non-tooth portions are
casily discriminated.

In addition to the second aspect, according to a third
aspect of the imvention, the distance between the two tooth
portion adjacent to the first non-tooth portion 1s larger than
the distance of the second non-tooth portion; and when one
of the two adjacent tooth portions, which 1s located on
downstream of the first non-tooth portion 1 a rotation
direction of the crank rotor, the specific cylinder 1s located
at the top dead center.

For example, in case the first non-tooth portion 1s a
sequential-non-tooth portion at the first interval, detection of
the sequential-non-tooth portion 1s predictable before its
detection timing. In other words, a timing the specific
cylinder group reaches a top dead center can be discrimi-
nated with ease betore the detection timing of the sequential-
non-tooth portion. Also, by discriminating a cylinder on the
basis of the cam signal, 1t 1s possible to discriminate in
advance a timing a certain cylinder of the specific cylinder
group 1s at a top dead center compression.

According to a fourth aspect of the invention, there 1s
provided a cylinder discriminating device of an engine. The
engine mcludes a crank rotor including a plurality of tooth
portions arranged at regular intervals, and first and second
non-tooth portions asymmetrically positioned on a periphery
of the crank rotor, wherein the first non-tooth portion 1is
positioned to correspond to a top dead center of a specific
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cylinder; and a cam rotor including a tooth portion on a
periphery of the cam rotor, which 1s positioned to correspond
to a predetermined interval between the first and second
non-tooth portions of the crank rotor. The cylinder discrimi-
nating device includes a cylinder discriminating section that
discriminates the specific cylinder by detecting the first
non-tooth portion based on number of the tooth portions of
the crank rotor detected by the cylinder discriminating
section and by detecting whether or not the cylinder dis-
criminating section detects the tooth portion of the cam rotor
during a predetermined time period.

According to a fifth aspect of the invention, there 1is
provided an engine 1gnition control device according to the
cylinder discriminating device as recited above, and a tuel
ignition control section that ignites the fuel in the cylinder
discriminated by the cylinder discriminating device.

According to a sixth aspect of the invention, there is
provided a cylinder discriminating method including dis-
criminating a specific cylinder of an engine. A crank rotor
includes a plurality of tooth portions arranged at regular
intervals, and first and second non-tooth portions asym-
metrically positioned on a periphery of the crank rotor. The
first non-tooth portion is positioned to correspond to a top
dead center of the specific cylinder. A crank signal 1is
outputted when the cylinder discriminating section detects
cach of the plurality of the tooth portions. A cam signal 1s
outputted when the cylinder discriminating section detects a
predetermined tooth portion on a periphery of a cam rotor.
The specific cylinder 1s discriminated by detecting the first
non-tooth portion based on number of the crank signals
detected during a time period from a time when one of the
first and second non-tooth portions 1s detected to a time
when the other of the first and second non-tooth portions 1s
detected, and by detecting whether or not the cylinder
discriminating section detects the cam signal during the
same time period.

In addition to the method, according to another aspect of
the invention, distances between each two tooth portions

adjacent to the first and second non-tooth portion are dii-
ferent.

In addition to the method, according to still another aspect
of the mvention, the distance between the two tooth portion
adjacent to the first non-tooth portion i1s larger than the
distance of the second non-tooth portion; and when one of
the two adjacent tooth portions, which 1s located on down-
stream of the first non-tooth portion 1n a rotation direction of
the crank rotor, the specific cylinder 1s located at the top
dead center.

According to the aspect of the invention, a cylinder
discriminating method of an engine includes a crank rotor
having a plurality of tooth portions at regular intervals and
a pair ol non-tooth portions asymmetrically positioned on
the periphery, of which at least one non-tooth portion 1s
positioned to correspond to a top dead center of a specific
cylinder and a cam rotor having tooth portions on the
periphery to correspond to an interval between predeter-
mined non-tooth portions of the crank rotor. In this case, the
method includes discriminating the specific cylinder by
detecting a tooth portion at a predetermined position corre-
sponding to 1ts top dead center on the basis of whether a
tooth portion of the cam rotor 1s 1n existence and the number
of tooth portions of the crank rotor after detection of the
non-tooth portion of the crank rotor, in case the non-tooth
portion of the crank rotor 1s detected.
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According to an aspect of the mnvention, there 1s provided
an engine 1gnition control method including 1gniting the tuel
in the cylinder discriminated by the above mentioned cyl-
inder discriminating method.

According to the above configuration, there 1s provided a
cylinder discriminating device and method thereof, or an
engine 1gnition control device and method thereof, which
improves the starting performance of the internal combus-
tion engine.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a schematic view of a cylinder discriminating
device or engine ignition device according to an embodi-
ment.

FIG. 2 1s a timing chart for explaining generating timings
of signals, a timing of initial explosion cylinder discrimi-
nating, and a starting timing of fuel 1njection control accord-
ing to the embodiment.

FIG. 3 1s a timing chart for explaining generating timings
of signals, a timing of initial explosion cylinder discrimi-
nating, and a starting timing of fuel 1njection control accord-
ing to the embodiment.

FIG. 4 1s a flow chart illustrating an operation discrimi-
nating a cylinder for a fuel injection under an 1mitial explo-
s1on control 1n a cylinder discriminating device or an engine
ignition device according to the embodiment.

FIG. 5 1s a timing chart for explaining a timing of nitial
explosion cylinder discriminating, and a starting timing of
fuel 1jection control 1n related art.

FIG. 6 1s a schematic view of a cylinder discriminating
device 1n related art.

DETAILED DESCRIPTION OF TH.
INVENTION

(Ll

An application 1s described below, where a cylinder
discriminating device or an engine 1gnition control device 1s
applied to an internal combustion engine with a four-stroke
cycle. The internal combustion engine has a first, second,
third, and fourth cylinders which are driven with %4 phase
difference 1n a cycle. The first and fourth cylinders are
grouped together as a first cylinder group and simulta-
neously reach respective top dead centers. The second and
third cylinders are also grouped together as a second cylin-
der group and simultaneously reach respective top dead
centers. In other words, the first and second cylinder groups
are driven with 12 phase diflerence 1n a cycle and sequen-
tially reach the respective top dead centers 1n the order of the
first, second, third, fourth, and first cylinders. Further, in a
tuel 1njection control, the fuel 1s asynchronously injected
into the all cylinders when a starter 1s 1imitially driven, and
then synchronously 1njected after discrimination of the cyl-
inders (described later). As shown in FIG. 1, the cylinder
discriminating device or an engine 1gnition control device
includes a crank rotor 21 fixed to a crankshait 20 1n an
internal combustion engine and rotating 1n an arrow direc-
tion, a cam rotor 23 fixed to a cam shatt 22 in the internal
combustion engine with four cylinders, a crank signal
detecting section 24 positioned near the crank rotor 21 and
detecting the crank signal from 1t, a cam signal detecting
section 25 positioned near the cam rotor 23 and detecting the
cam signal from it, a cylinder discriminating section 26
discriminating cylinders on the basis of crank signal and the
cam signal, and a fuel 1gnition control section igniting the
fuel 1n the discriminated cylinder at a preset timing.
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6

In other words, the cylinder discriminating device 1s
composed of a crank rotor 21, cam rotor 23, crank signal
detecting section 24, cam signal detecting section 23, and
cylinder discriminating section 26, and engine 1gnition con-
trol device 1s composed of a crank rotor 21, cam rotor 23,
crank signal detecting section 24, cam signal detecting
section 25, cylinder discriminating section 26, and fuel
ignition control section 28.

The crank rotor 21 1s for generating the crank signal as a
first 1ndicating signal about the cycle condition of each
cylinder 1in the four-cylinder internal combustion engine.
Tooth portion 30, for example, thirty six tooth portions
arranged at regular intervals, 1.e., 10° CA tervals, are
provided on the periphery of the crank rotor 21. When the
crankshait 20 rotates to the crank angle corresponding to a
top dead centers of the second cylinder group, that 1s, of the
second and third cylinders (herematter, ‘TDC 2’ and ‘TDC
3’ refer to the timings for the second and third cylinders at
the top dead center, respectively), a predetermined number
of the tooth portions are not provided on a portion that 1s
positioned four or five tooth portions ahead from a tooth
portion 30q facing the crank signal detection section 24 1n a
rotational direction of the crankshaft 20, and defines a
non-tooth portion 29a. Also, the crankshatt 20 rotates to a
crank angle corresponding to the top dead centers of the first
cylinder group, that 1s, of the first and fourth cylinders
(hereinatter, “TDC 1” and ‘“TDC 4’ refer to the timing for the
first and third cylinders at the top dead center, respectively),
a predetermined number of the tooth portions are not pro-
vided on a portion that 1s positioned one, two, four or five
tooth portions ahead from a tooth portion 305 facing the
crank signal detecting section 24, and defines non-tooth
portions 2956 and 29¢. Theretore, the crank rotor 21 has thirty
tooth portions 30 on the periphery.

The cam rotor 23 1s for generating the cam signal as a
second 1ndicating signal about the cycle condition of each
cylinder 1n the four-cylinder internal combustion engine. A
tooth portion 31 consisting of one tooth portion 1s formed on
the periphery of the cam rotor 23. When the cam shaft 22
rotates to the TDC 1, particularly to the top dead center
compression of the first cylinder, the tooth portion 31 1is
positioned, for example 90° CA ahead 1n a rotational direc-
tion from the periphery of the cam rotor facing the cam
signal detecting section 25.

The crank signal detecting section 24 1s consist of an
clectromagnetic pick-up type detector and detects the tooth
portions 30 provided on the crank rotor 21 as crank signal.
The crank signals are detected as pulse signals every time
the tooth portions 30 provided on the crank rotor 21 face the
crank signal detecting section 24 and detected as pulse
signals corresponding to patterns of the provided tooth
portions 30 shown i FIGS. 2 and 3. In other words, the
pulse signals generated at 10° CA intervals 1s detected as
pulse signals where a single-signal-lack timing and a
sequential-signal-lack timing alternately take place at 180°
CA 1ntervals. At the single-signal-lack timing, certain num-
ber of pulse signals 1s not generated once at 180° CA
intervals and at the sequential-signal-lack timing, certain
number of pulse signals are not generated twice successively
at 180° CA intervals. In addition, the pulse signals generated
at 10° CAntervals are detected as pulse signals including 16
pulses from the single-signal-lack timing to the sequential-
signal-lack timing, also 13 pulses from the sequential-
signal-lack timing to the single-signal-lack timing.

In other words, the crank signal detecting section 24
detects the tooth portions 30 on the crank rotor 21 and
generates pulse signals, and the crank rotor 21 1s provided
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with the plurality of tooth portions 30 at regular intervals and
a pair of non-tooth portions asymmetrically positioned, on
its periphery.

The cam signal detecting section 25 1s consist of an
clectromagnetic pick-up type detector and detects the tooth
portions 31 provided on the cam rotor 23 as the cam signal.
The cam signals are detected as pulse signals every time the
tooth portions 31 provided on the cam rotor 23 face the cam
signal detecting section 25 and detected as pulse signals
corresponding to a pattern of the provided tooth portion 31
shown 1n FIGS. 2 and 3. In other words, the cam signals are
detected as pulse signals generated once at 720° CA.

In case a pulse signal in the cam signal 1s generated
between the single-signal-lack timing and the sequential-
signal-lack timing in the crank signal, the first cylinder 1s
designed to reach the top dead center compression 1mme-
diately after the sequential-signal-lack timing. Also, 1n case
a pulse signal 1n the cam signal 1s not generated between the
single-signal-lack timing and the sequential-signal-lack tim-
ing in the crank signal, the fourth cylinder 1s designed to
reach the top dead center compression immediately after the
sequential-signal-lack timing.

As shown 1 FIG. 1, the cylinder discriminating section
26 1s for discriminating discriminate a top dead center
compression of a certain cylinder on the basis of the crank
signals and the cam signals. The cylinder discriminating
section 26 includes a first crank signal counter 32 that counts
crank signal pulses as a first counted value 7, a second crank
signal counter 34 that counts crank signal pulses as a second
counted value k, a cam signal discrimination section 33 that
discriminates whether a cam signal 1s generated, an 1nitial
explosion cylinder detecting section 37 that detects a cylin-
der for an mitial fuel 1gnition under an i1mtial explosion
control, and a cylinder selecting portion 36 that sequentially
selects a cylinder for next fuel 1gnition after the mitial fuel
ignition of the cylinder under the initial explosion control.

As shown 1n FIGS. 2 and 3, the crank signal counter 32
resets the first counted value 1 when the single-signal-lack
timing or the sequential-signal-lack timing 1s detected 1n the
crank signal, thereafter, counts pulses in the crank signal. In
other words, the first crank signal detecting section 32 resets
the first counted value j at the pulse signal when the
sequential-signal-lack timing 1s detected. The first crank
signal detecting section 32 counts a maximum of 12 pulses
from the detection of the sequential-signal-lack timing to the
detection of the single-signal-lack timing. In addition, the
first crank signal detecting section 32 resets the first counted
value j at the pulse signal when the single-signal-lack timing,
1s detected. The first crank signal detecting section 32 counts
a maximum of 15 pulses from the detection of the single-
signal-lack timing to the detection of the sequential-signal-
lack timing. In a mid-pulse at the sequential-signal-lack
timing, detecting errors of the first counted value ] may be
preferably prevented by resetting the first counted value j at
the pulse signal 1n the detecting of the single-signal-lack
timing. Therefore, 1t 1s preferable to reset the first counted
value j at the detection of any lack timing, regardless of the
single- or sequential-lack of pulse signal 1n the crank signal.

As shown 1n FIGS. 2 and 3, the cam signal discrimination
section 35 sets a {irst cam signal detecting flag Fcl when a
cam signal 1s detected, and resets that when the first counted
value 7 1s reset, and then discriminates whether a pulse 1n the
cam signal 1s detected from the single-signal-lack timing to
the sequential-signal-lack timing in the crank signal, or from
the sequential-signal-lack timing to the single-signal-lack
timing. In addition, the cam signal discrimination section 35
sets a second cam signal detecting flag Fc2 when a cam
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signal 1s detected, and resets that when the first counted
value 7 1s a predetermined value Af (described below), for
example 10.

The second cam signal detecting flag Fc2 1s employed for
determining of a reset timing of the second counted value k
by a second crank signal counter 34 (described below).

The 1nitial explosion cylinder detecting section 37 detects
a cylinder for fuel ignition under the mitial explosion control
on the basis of the first counted value j detected by the first
crank signal counter 32 and the first cam signal detecting
flag Fcl set by the cam signal discrimination section 335. As
shown 1n FIGS. 2 and 3, for example, when the first counted
value exceeds 12, 1t 1s determined that present timing 1s in
the interval from the single-signal-lack timing to the sequen-
tial-signal-lack timing, and then the TDC 1 or TDC 4 1s
detected when a following sequential-signal-lack timing 1s
detected. In addition, when the first counted value 1 exceeds
12, 1.e., the value 1 1s 13, 14, or 13, it can be discriminated
that one of the first and fourth cylinders has reached the top
dead center compression depending whether the first cam
signal detecting flag Fcl 1s set. In case the first cylinder has
reached the top dead center compression, a first initial
condition flag F11 1s set when the reaching 1s discriminated,
as shown 1n FIG. 2. On the other hand, in case the fourth
cylinder has reached the top dead center compression, a
second 1nitial condition flag F12 i1s set when the reaching 1s
discriminated, as shown in FIG. 3. When the first initial
condition flag F11 1s set, the second 1nitial condition flag F12
1s not, and vice versa.

As shown 1 FIGS. 2 and 3, the second crank signal
counter 34 resets the second counted value k when a pulse
1s detected immediately after the sequential-signal-lack tim-
ing in the crank signal and counts the pulses until two
sequential-signal-lack timing 1s detected from the sequen-
tial-signal-lack timing, in order to measure a timing for
sequential fuel i1gnition of the cylinders after the initial
ignition takes place in the cylinder under the initial explo-
sion control. In this regard, the countering 1s based on one
cycle of every 720° CA, therefore, correspond values may
be set, which corresponds to the timing for the fuel 1gnition
of each of the cylinder.

The second counted value k until a first sequential-signal-
lack timing 1s detected 1s set to an 1nitial counted value M1
of a value exceeding the number of pulses until two sequen-
tial-signal-lack timings from the sequential-signal-lack tim-
ing ol the crank signal, for example, k=Mi=62. In other
words, the second crank signal counter 34 holds the second
counted value to Mf until a sequential-signal-lack timing 1is,
for the first time, detected after the first initial condition flag
F11 or second 1n1tial condition flag F12 1s set by means of the
initial explosion cylinder detecting section 37, thereafter,
resets the second counted value k when a sequential-signal-
lack timing 1s detected, for the first time. The second crank
signal counter 34 counts pulses 1n the crank signal after the
resetting.

A resetting timing of the second counted value k other
than k=M1 depends on the second cam signal detecting flag
Fc2. In other words, 1n case the first initial condition flag Fil
1s set, the second counted value k 1s reset when a sequential-
signal-lack timing 1s detected 1n the crank signal with the
Fc2 set, and not reset when a sequential-signal-lack timing
1s not detected in case the crank signal with the second cam
signal detecting flag Fc2 reset. In addition, the second initial
condition tlag F12 1s set, the second counted value k 1s reset
when a sequential-signal-lack timing in the crank signal 1s
detected with the Fc2 reset, and not reset when a sequential-
signal-lack timing 1n the crank signal 1s detected with the
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second cam signal detecting flag Fc2 set. Accordingly, 1n
case a predetermined value Af of the first counted value j for
resetting the second cam signal detecting flag Fc2 1s set to
range from 0 to the first counted value 1 when a pulse signal
in the cam signal 1s detected, the value Af 1s set so that the
setting and resetting states of the second cam signal detect-
ing flag Fc2 is alternately repeated.

In addition to selecting a cylinder for fuel 1gnition dis-
criminated by means of the initial explosion cylinder detect-
ing section 37 according to the initial explosion control 1n
order that the fuel i1s 1gnited in each of the cylinders at the
top dead center compression through the fuel 1gnition con-
trol section 28, the cylinder selecting portion 36 sequentially
selects a cylinder for an 1gnition after the first 1gnited
cylinder by means of the initial explosion control on the
basis of the second counted value k from the second crank
signal counter 34. For example, 1n case the second counted
value k 1s 62 or more, the cylinder selecting portion 36
selects a cylinder for fuel 1gnition by the initial explosion
control detected by the 1mitial explosion cylinder detecting
section 37 so that the fuel 1n the selected cylinder 1s 1gnited
by the fuel 1gnition control section 28 at a predetermined
timing until the second counted value k 1s reset, that 1s, a
sequential-signal-lack timing 1s detected for the first time
after the first 1mitial condition flag Fil or second initial
condition flag F12 1s set. Also, in case the second counted
value k 1s 61 or less and the first initial condition tlag F11 1s
set, the cylinder selecting portion 36 selects the cylinders so
that the fuel of the first, third, fourth, and second cylinders
are sequentially 1ignited by means of the fuel 1gnition control
section 28 at a predetermined timings until the second
counted value k 1s 0, 16, 30, and 46, respectively, on the
basis of the second counted value k, as shown i1n FIG. 2.
Furthermore, 1n case the second counted value k 1s 61 or less
and the second 1nitial condition flag Fi2 1s set, the cylinder
selecting portion 36 selects the cylinders so that the fuel of
the fourth, second, first, and third cylinders are sequentially
ignited by means of the fuel 1gnition control section 28 at a
predetermined timings until the second counted value k 15 O,
16, 30, and 46, respectively, on the basis of the second
counted value k, as shown i1n FIG. 3.

Discriminating of a cylinder for fuel ignition and a fuel
1gnition operation by means of the cylinder discriminating
device and an engine 1gnition control device are described
below 1n reference to the flow chart in FIG. 4. When an
internal combustion engine 1s cranked by starting the 1gni-
tion switch, and the crank signal detecting section 24 and the
cam signal detecting section 235 start detecting the crank
signal and cam signal, respectively, the first crank signal
counter 32 resets the first counted value 7 1nto O, the second
crank signal counter 34 set the second counted value k into
initial value k, for example 62, the cam signal discrimination
section 35 resets the first and second cam signal detecting
flags Fcl and Fc2, and the initial explosion cylinder detect-
ing section 37 resets the first and second initial condition
flags F1l ad F12 (SA 1).

When the cam signal detecting section 25 detects a cam
signal (SA 2), the cam signal discrimination section 35 resets
the first and second cam signal detecting flags Fcl and Fc2
(SA 3).

When crank signal detecting section 24 detects a single or
sequential-signal-lack timing (SA 4), the first crank signal
counter 32 resets the first counted value j 1into 0 and the cam
signal discrimination section 35 resets the first cam signal
detecting flag Fcl (SA 5).

In case a signal detected by means of the crank signal
detecting section 24 1s a sequential-signal-lack timing (SA
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6), when the second counted value k 1s 62 (SA 7) and the first
initial condition flag Fil 1s set (SA 8) or second mitial
condition flag F12 1s set (SA 9), the second crank signal
counter 34 resets the second counted value k into 0 (SA 10).
When the second counted value k 1s not 62, 1.e., 61 or less
(SA 7), the first mitial condition flag F11 1s set (SA 11) and
the second signal detecting flag Fc2 1s set (SA 12), the
second counted value k 1s also reset into 0 (SA 10). Fur-
thermore, when the first initial condition flag Fil 1s not set
(SA 11), instead, the second 1nitial condition flag F12 1s set
(SA 13), and the second cam signal detecting flag Fc2 1s not
set, 1.¢., not reset (SA 14), the second counted value k 1s reset

into 0 (SA 10).

The first crank signal counter 32 increments the first
counted value 1 (SA 16) when the crank signal detecting
section 24 detects a pulse 1n the crank signal (SA 15).

The cam signal detecting section 335 resets the first
counted value j into 0 (SA 18), when the first counted value
1s a predetermined value Af, for example 10 (SA 17).

When the second counted value k 1s an initial value M,
1.€., 62, the cylinder selecting section 36 determines that 1t
1s not completed to discriminate a cylinder for a fuel 1gnition
by means of the initial explosion control (SA 19), detects a
cylinder for the fuel 1gnition through the initial explosion
control by means of the initial explosion cylinder detecting
section 37, and then selects the detected cylinder.

In other words, the mitial explosion cylinder detecting
section 37 1s kept on standby until the first counted value j
becomes 13, which 1s the number of pulses in the crank
signal counted by the first crank signal counter 32 (SA 20)
and then checks the first cam signal detecting flag Fcl that
1s set by the cam signal discrimination section 35 (SA 21).
When the first cam signal detecting flag Fcl 1s set, the first
cylinder 1s detected and discriminated as a cylinder for the
fuel 1gnition by means of the initial explosion control, and
the first in1tial condition flag F11 1s set (SA 22). The cylinder
select section 36 seclects the first cylinder as a cylinder,
which 1s detected by the mitial explosion cylinder detecting
section 37, for the fuel 1gnition by means of the initial
explosion control at the preset timing until a sequential-
signal-lack timing 1s detected, in order that the fuel 1n the
selected first cylinder 1s 1gnited by means of the fuel 1gnition
control section 28 (SA 23), which, i turn, 1gnites the fuel 1n
the selected first cylinder (SA 24).

The mnitial explosion cylinder detecting section 37 checks
the first cam signal detecting flag Fcl that 1s set by means of
the cam signal discrimination section 35 (SA 21). In case the
first cam signal detecting flag Fcl 1s not set, 1.e., reset, the
fourth cylinder 1s detected and discriminated as a cylinder
tor the fuel 1gnition by means of the 1mitial explosion control
and then the second 1nitial condition flag F12 1s set (SA 25).
The cylinder select section 36 selects the fourth cylinder as
a cylinder, which 1s detected by the initial explosion cylinder
detecting section 37, for the fuel 1gnition by means of the
initial explosion control at the preset timing until a sequen-
tial-signal-lack timing 1s detected, 1in order that the fuel in
the selected fourth cylinder 1s 1gnited by means of the fuel

1gnition control section 28 (SA 26), which 1n turn ignites the
fuel 1n the selected fourth cylinder (SA 27).

In the step SA 19, when the second counted value k 1s not
62, 1.e., 61 or less, which 1s counted by the second crank
signal counter 34, the cylinder selecting section 36 deter-
mines that it 1s completed to discriminate a cylinder for a
fuel 1gnition by means of the imitial explosion control (SA
19) and the second crank signal counter 34 increments the

second counted value k (SA 28).
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In case the first mitial condition flag F1il 1s set by the
initial explosion cylinder detecting section 37(SA 29), the
cylinder selecting section 36 selects a cylinder for a fuel
1gnition 1n accordance with the second counted value k (SA
31) when the second counted value k i1s a predetermined
value, 1n which case the first initial condition flag F11 1s set
(SA 30). In other words, the cylinder selecting section 36
selects the cylinders so that the fuel of the first, third, fourth,
and second cylinders are sequentially 1gnited by means of
the fuel i1gnition control section 28 at a predetermined
timings until the second counted value k 1s 0, 16, 30, and 46,
respectively, on the basis of the second counted value k, and
the fuel 1gnition control section 28 i1gnites the fuel of the
selected cylinders (SA 32).

Further, 1n case the second 1nitial condition flag Fi2 1s set
by means of the nitial explosion cylinder detecting section
37 (SA 33), the cylinder selecting section 36 selects a
cylinder for a fuel 1gnition 1 accordance with the second
counted value k (SA 35) when the second counted value k
1s a predetermined value, in which case the second 1nitial
condition flag F12 1s set (SA 34). In other words, the cylinder
selecting section 36 selects the cylinders so that the fuel of
the fourth, second, first, and third cylinders are sequentially
ignited by means of the fuel 1gnition control section 28 at a
predetermined timings until the second counted value k 15 O,
16, 30, and 46, respectively, on the basis of the second
counted value k, and the fuel ignition control section 28
ignites the fuel of the selected cylinders (SA 36).

In the conventional initial explosion control, when 1t 1s
discriminated, for the first time, that a cylinder 1s at a top
dead center compression, because the cylinder already has
reached the top dead center compression, 1t misses the fuel
ignition timing, and thus the fuel 1gmition control starts from
a next cylinder at the top dead center. However, in the
present embodiment, when 1t 1s discriminated for the first
time that a cylinder 1s at a top dead center compression,
because the cylinder has not reached yet the top dead center
compression, fuel 1gnition control may start from the dis-
criminated cylinder, thereby obtaiming a smooth 1itial
explosion.

Other embodiments are described below. The cylinder
discriminating and 1gnition timing detecting algorithms 1n
the above mentioned embodiment are just illustrative
examples, and thus another algorithm may also be
employed.

In addition, 1n the above mentioned embodiment, a pair of
non-tooth portions 1s described, which 1s composed of a
single-non-tooth portion where tooth portions are not
formed at a region of a tooth portion and a sequential-non-
tooth portion including two non-tooth portion that are posi-
tioned close to each other at different regions from the
single-non-tooth portion, and a tooth portion 1s positioned
between them. However, the present mnvention 1s not limited
to the above embodiment, a pair of asymmetry non-tooth
portions may be formed on the periphery of a crank rotor.

The 1nitial explosion control method and device of the
internal combustion engine according to the present inven-
tion 1s available to an internal combustion engine that
asynchronously controls injection, however, it 1s also avail-
able to an internal combustion engine that synchronously
controls 1njection.

Moreover, the invention 1s applicable to an 1nternal com-
bustion engine system for improved starting performance,
using another method, for example, to an 1nternal combus-
tion engine, 1 which an internal combustion engine 1s
operated by obtaining power from a driving wheel 1n run-
ning through a switching mechanism, a piston stops close to
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a top dead center with fuel injected, by adjusting a crank
angle to a preset angle, and after the internal combustion
engine stops, a power stroke may be rapidly carried out 1n
restarting. In this regard, a control of rapid starting can be
obtained more stably.

The above mentioned embodiment 1s just an example and
respective blocks may be modified 1n the range of improving
the eflect of the invention.

The entire disclosure of Japanese Patent Application No.
20035-086286 filed on Mar. 24, 2005 including specification,
claims, drawings and abstract i1s incorporated herein be
reference 1n 1ts entirety.

What 1s claimed 1s:

1. A cylinder discriminating device comprising:

a cylinder discriminating section, wherein:

a crank rotor includes a plurality of tooth portions
arranged at regular intervals, and first and second
non-tooth portions asymmetrically positioned on a
periphery of the crank rotor, the first non-tooth portion
positioned to correspond to a top dead center of a
specific cylinder of an engine;

a crank signal 1s outputted when the cylinder discrimi-
nating section detects each of the plurality of the tooth
portions;

a cam signal 1s outputted when the cylinder discriminating,
section detects a predetermined tooth portion on a
periphery of a cam rotor; and

the cylinder discriminating section discriminates the spe-
cific cylinder by detecting the first non-tooth portion
based on number of the crank signals detected during a
time period from a time when one of the first and
second non-tooth portions 1s detected to a time when
the other of the first and second non-tooth portions 1s
detected, and by detecting whether or not the cylinder
discriminating section detects the cam signal during the
same time period.

2. The cylinder discriminating device according to claim
1, wherein distances between each two tooth portions adja-
cent to the first and second non-tooth portions are difierent.

3. The cylinder discriminating section according to claim
2, wherein:

the distance between the two tooth portion adjacent to the
first non-tooth portion is larger than the distance of the
second non-tooth portion; and

when one of the two adjacent tooth portions, which 1s
located on downstream of the first non-tooth portion 1n
a rotation direction of the crank rotor, the specific
cylinder 1s located at the top dead center.

4. An engine 1gnition control device comprising:

the cylinder discriminating device of claim 1; and

a fuel 1gnition control section that i1gnites the fuel 1 a
cylinder discriminated by the cylinder discriminating
device.

5. A cylinder discriminating device of an engine, the

engine including:

a crank rotor including a plurality of tooth portions
arranged at regular intervals, and first and second
non-tooth portions asymmetrically positioned on a
periphery of the crank rotor, wherein the first non-tooth
portion 1s positioned to correspond to a top dead center
of a specific cylinder; and

a cam rotor including a tooth portion on a periphery of the
cam rotor, which i1s positioned to correspond to a
predetermined interval between the first and second
non-tooth portions of the crank rotor, the cylinder
discriminating device comprising:
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a cylinder discriminating section that discriminates the
specific cylinder by detecting the first non-tooth portion
based on number of the tooth portions of the crank rotor
detected by the cylinder discriminating section and by
detecting whether or not the cylinder discriminating
section detects the tooth portion of the cam rotor during
a predetermined time period.

6. The cylinder discriminating device according to claim

5, wherein the predetermined time period 1s time period
from a time when the cylinder discriminating section detects
one of the first and second non-tooth portions to a time when
the cylinder discriminating section detects the other of the
first and second non-tooth portions.

7. A cylinder discriminating method comprising:

discriminating a specific cylinder of an engine, wherein:

a crank rotor includes a plurality of tooth portions arranged
at regular 1ntervals, and first and second non-tooth portions
asymmetrically positioned on a periphery of the crank rotor,
the first non-tooth portion positioned to correspond to a top
dead center of the specific cylinder;

a crank signal i1s outputted when the cylinder discrimi-
nating section detects each of the plurality of the tooth
portions;

a cam signal 1s outputted when the cylinder discriminating,
section detects a predetermined tooth portion on a
periphery of a cam rotor; and

the specific cylinder 1s discriminated by detecting the first
non-tooth portion based on number of the crank signals
detected during a time period from a time when one of
the first and second non-tooth portions 1s detected to a
time when the other of the first and second non-tooth
portions 1s detected, and by detecting whether or not the
cylinder discriminating section detects the cam signal
during the same time period.

8. The cylinder discriminating method according to claim

7,

wherein distances between each two tooth portions adja-
cent to the first and second non-tooth portion are
different.
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9. The cylinder discriminating method according to claim
8., wherein:

the distance between the two tooth portion adjacent to the
first non-tooth portion is larger than the distance of the
second non-tooth portion; and

when one of the two adjacent tooth portions, which 1s
located on downstream of the first non-tooth portion 1n
a rotation direction of the crank rotor, the specific
cylinder 1s located at the top dead center.

10. An engine 1gnition control method comprising:

1gniting fuel 1n the cylinder discriminated by the cylinder
discriminating method of claim 7.

11. A cylinder discriminating method of an engine, the

engine including:

a crank rotor including a plurality of tooth portions
arranged at regular intervals, and first and second
non-tooth portions asymmetrically positioned on a
periphery of the crank rotor, wherein the first non-tooth
portion 1s positioned to correspond to a top dead center
of a specific cylinder; and

a cam rotor including a tooth portion on a periphery of the
cam rotor, which i1s positioned to correspond to a
predetermined interval between the first and second
non-tooth portions of the crank rotor, the cylinder
discriminating method comprising:

discriminating the specific cylinder by detecting the first
non-tooth portion based number of the tooth portions of
the crank rotor detected and by detecting whether or not
the cylinder discriminating section detects the cam
signal during a predetermined time period.

12. The cylinder discriminating method according to
claim 11, wherein the predetermined time period i1s time
period from a time when the cylinder discriminating section
detects one of the first and second non-tooth portions to a
time when the cylinder discriminating section detects the
other of the first and second non-tooth portions.
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